Abstract
Introduction
6.1), and operational taxonomic units (OTUs) were picked using uclust algorithm with 97% 129 sequence similarity. OTUs representing less than 0.05% of the total sequence count were 130 excluded. To minimize the effect of inter-sample variation in the sequencing efficiency, samples 131 were subsampled (rarefied) by random sampling without replacement to the lowest common 132 sequencing depth (134 414 reads). Annotations for the resulting OTUs were derived from 133
GreenGenes database [14] . 134 135 All analyses of the 16S rRNA data were made from the randomly subsampled OTU tables. To 136 study the bacterial diversity of the samples, α-diversity metrics were computed and α-rarefaction 137 plots were generated with Qiime. Differences in the Shannon diversity indices were then 138 assessed with JMP Pro 12 (SAS Institute, Inc., Cary, NC, USA), applying non-parametric 139 methods and considering P < 0.05 as statistically significant. Outliers were excluded before the 140 analyses. Taxonomic summary produced by Qiime was visualized as bar charts and statistical 141 differences in the taxonomic richness, i.e. in the OTU abundances, were assessed with non-142 parametric Kruskal-Wallis test. Taxonomic levels phylum and genus were studied, and False 143 Discovery Rate (FDR) adjusted P-value < 0.05 was considered as statistically significant. OTUs 144 existing in less than 25% of the samples were excluded before statistical testing. To analyze the 145 differences in the overall bacterial diversity across the samples, weighted UniFrac distance 146 matrices were generated from the randomly subsampled OTU tables and principal coordinate 147 analysis (PCoA) plots were produced. The PCoA plots were visualized with EMPeror. To 148 confirm the visual observations, adonis analyses were performed. Adonis returns an R 2 value 149
showing the amount of variation explained by the grouping variable, and a P-value for statistical 150 significance [15] . 151 152 Differences in the nutritional variables (duration of breastfeeding, introduction of solid food, and 153 introduction of gluten), and in the number of received antibiotic courses were analyzed with JMP 154
Pro 12 (SAS Institute, Inc.), using non-parametric methods and considering P < 0.05 as 155 statistically significant. To eliminate the mode of birth as a confounding factor, all statistical 156 analyses were first performed for the whole data set (n = 27), and then repeated for the vaginally 157 born infants (n = 24). 158
159

Results
160
The characteristics of the participating children are presented in Table 1 . Of the 27 infants in this 161 study, 24 were born by vaginal delivery while three were born by cesarean section (CS). All 162 infants were breastfed at the hospital, but the continuation of breastfeeding varied from seven 163 days to over 18 months ( Table 1 ). The median duration of the breastfeeding was 11 months, yet 164 breastmilk was often supplemented with formula. The median age for solid food introduction 165 was 4.1 months (range 2.0 -6.2 months), and for gluten introduction 5.7 months (range 4.4 -7.7 166 months). Infants that were earlier introduced to solid foods were also introduced to gluten earlier 167 (Spearman's correlation 0.679, P < 0.001). No differences in the average breastfeeding duration 168 or in the age of solid food or gluten introduction were observed between the case and control 169 infants (Mann-Whitney U P = 0.5395, P = 0.4712 and P = 0.5539, respectively; Table 2 ). 170
Control children seemed to be breastfed at the age of gluten introduction more often than the 171 case infants, but the difference was not statistically significant (Pearson's chi-squared test P = 172 0.2113; Table 2 ). Furthermore, no differences were observed in the prescription of antibiotics 173 between the case and control infants (Table 2 ). In total, 80.8 % of the study subjects had received 174 at least one antibiotic course by the age of 4 years. Exclusion of the infants born by CS did not 175 significantly affect the results regarding the nutritional information or the antibiotics (Table 2) . 176
177
The 16S rRNA gene sequencing of the 52 infant stool specimens resulted in 134k -330k OTUs 178 per sample (mean 191k, SD 40k), the overall sequence count being 9.9 × 10 6 OTUs. The average 179 bacterial diversity of the stool samples, represented as median Shannon index values, was 3.32 180 (range 2.66 -4.32) for 9mo samples and 4.10 (range 3.27 -4.54) for 12mo samples, showing 181 significant increase in the bacterial diversity between 9 and 12 months (FDR = 0.0002). The 182 difference remained significant after the exclusion of the CS infants (P = 0.0014). When all 183 study subjects were included in the analysis, the Shannon indices did not differ between the case 184 and control infants (P = 0.1113 for 9mo samples and P = 0.686 for 12mo samples). The 185 "observed species" metric of Qiime confirmed these findings, representing little difference 186 between the case and control infants (Fig. 1a and 1b ) but a clear difference between the 9mo and 187 12mo samples (Fig. 1c) . However, when only the vaginally born infants were studied, the 188 Shannon indices in the 9mo samples tended to be higher in the cases than in the controls (P = 189 0.049). In the 12mo samples, the difference between the case and control infants remained 190 insignificant after exclusion of the infants born by CS (P = 0.302). composition cluster together, no differences could be observed between the case and control 203 infants (Fig 3a and b) . Further, adonis analysis confirmed that no significant differences between 204 the cases and controls occurred in neither 9mo nor 12mo samples (P = 0.808 and P = 0.696, 205 respectively). One 9mo control sample had a significantly deviating bacterial profile (Fig. 3a ) 206 with more than 50% of the bacteria being Enterobacteriaceae, but as this had no effect on the 207 results of the statistical analyses and did not significantly affect the bar chart figures, the sample 208 was not excluded from the final analyses. The results regarding the fecal microbiota composition 209 between the case and control infants remained unaltered when excluding the infants born by 210 cesarean section, with only minor differences in the P values (results not shown). 211
212
The results concerning the effect of age, delivery mode and nutritional variables on the fecal 213 microbiota composition are presented in Supplemental Results. Briefly, the bacterial composition 214 differed significantly between the 9mo and 12mo samples ( Fig. 2b and 3c ) and between the 215 infants born vaginally or by CS. Further, the duration of breastfeeding correlated with several 216 bacterial genera. However, the fecal microbiota composition did not significantly differ between 217 the children that had been breastfed during gluten introduction and the ones that had not (FDR > 218 0.1 for all bacterial phyla and genera in both 9mo and 12mo samples). 219 been associated with active CD [19] . In this present study, the abundance of Bacteroides dorei 239 was not assessed, as the species level identification by 16S rRNA gene sequencing is uncertain 240 [11, 20] . At the genus level, however, neither Bacteroides abundance nor the Bacteroides-241
Prevotella ratio differed between the case and control infants. Further, the abundance of 242
Clostridium genera did not differ between the case and control infants, and Staphylococcus genus 243 was completely undetectable in this sample cohort. Altogether, in this study, no statistically 244 significant differences in the fecal microbial diversity or composition were found between the 245 children who later developed CD and the ones who did not. Thereby, our results suggest that 246 early fecal microbiota composition would not be associated with the pathogenesis of CD, while 247 the previous findings concerning the differences in the gut microbiota between CD patients and 248 epidemiological studies have reported that children born by CS have an increased risk for CD 274 compared to the vaginally delivered infants [33] [34] [35] . In this study cohort, the mode of delivery 275 had a significant effect on the fecal microbiota composition, but due to the limited number of CS 276 children, no conclusions regarding the role of delivery mode on CD risk could be drawn. 277
However, based on the results of this study, the individuals who develop CD do not already in 278 the early infancy have a distinct fecal microbiota composition compared to other infants with 279 risk-HLA-haplotype, suggesting that the onset of CD is more likely a consequence of a strong 280 external trigger rather than gradual development due to a peculiarly vulnerable gut microbiota. 281
However, feces may not be the most optimal sample material for CD studies, as CD primarily 282 affects the small intestine and fecal microbiota inadequately reflects the duodenal microbiota 283 [4, 36] . Thus, this study does not rule out the possibility of small intestinal microbiota changes 284 prior to the onset of the disease. On the other hand, the duodenal mucosal homeostasis was not 285 assessed, as studies on the mucosal host-microbial crosstalk and the possibility of unfavorable 286 immune functions would have required the collection of duodenal biopsies. Previous studies 287 regarding the role of duodenal microbiota in CD-linked mucosal immune responses remain 288 rather inconclusive [22, 37, 38] , making this an extremely interesting area for future research. 289
290
The possible protective role of breastfeeding against CD onset has been analyzed in several 291 studies, and the gradual gluten introduction during ongoing breastfeeding has been suggested to 292 protect against the disease [39, 40] . Some recent studies, however, have not been able to confirm 293 these results [39] [40] [41] [42] . In this study, the average duration of breastfeeding did not differ between 294 the case and control children, but the controls tended to be more likely breastfed during the 295 gluten introduction. The duration of breastfeeding correlated with several bacterial genera, of 296 which especially Lactobacillus and Bifidobacterium have been previously linked to positive 297 health outcomes (for review, see [43] ). However, no difference in the abundance of 298
Lactobacillus or Bifidobacterium could be observed between the infants who later developed CD 299 and the infants who did not. Further, no differences in the fecal microbiota composition were 300 seen between the infants that were breastfed during gluten introduction and the ones who did not, 301
suggesting that even though breastfeeding might induce changes in the gut microbiota, the 302 possible protective role of breastfeeding against CD might not be related to gut microbiota. 303
However, due to the limited number of infants not breastfed during the gluten introduction in this 304 study, these results are merely indicative. 305
306
Conclusions 307
Our results indicate that the fecal microbiota composition at the age of 9 and 12 months is not 308 associated with the development of CD. Our results do not exclude the possibility of duodenal 309 microbiota differences or a later microbiota-related trigger for the disease, but suggest that the 310 
